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Aims:	 Building	 on	 these	 premises,	 in	 this	 study,	we	 analyzed	whether	MAOA	 up-
stream	variable	number	tandem	repeat	(uVNTR)	alleles	interact	with	child	maltreat-
ment	history	to	predict	for	lifetime	cannabis	and	tobacco	consumption.















K E Y W O R D S
cannabis,	child	maltreatment,	college	students,	MAOA,	tobacco
102  |     FITE ET al.
1  | INTRODUC TION
Epidemiological	 surveys	 in	 the	 USA	 and	 other	Western	 countries	
have	 documented	 that	 students	 enrolled	 in	 postsecondary	 insti-









Early	 initiation	of	drug	use	 is	arguably	one	of	 the	most	critical	
risk	 factors	 for	 abuse,	 dependence,	 and	 other	 substance-	related	
problems	 in	 adulthood15,16	 and	 has	 been	 shown	 to	 be	 influenced	




A	 growing	 body	 of	 evidence	 indicates	 that	 the	 risk	 of	 sub-
stance	 use	 (and	 particularly	 its	 early	 onset)	 is	 influenced	 by	 the	
gene	 encoding	monoamine	 oxidase	 A	 (MAOA).34-48	 This	 enzyme	
catalyzes	 the	 oxidative	 deamination	 of	 brain	 monoamine	 trans-
mitters,	 including	 serotonin,	 norepinephrine,	 and	 dopamine,49 
which	 play	 a	 key	 role	 in	 the	 mechanisms	 of	 stress	 response	 as	
well	 as	 the	 pathogenesis	 of	 substance	 abuse	 and	 dependence.	
The	MAOA	gene	is	located	on	the	short	arm	of	the	X	chromosome	







a	 sex-	dimorphic	 influence	 on	 the	 pathogenesis	 of	 alcohol-	related	
problems,	 often	 through	 gene	×	environment	 (G	×	E)	 interactions	
with	early-	life	psychosocial	stress.35-42	In	males,	low-	activity	uVNTR 
variants	 (hereafter	 denominated	 MAOA-L)	 predispose	 to	 earlier	
onset	of	alcoholism,34	alcohol	dependence,34,35	and	antisocial	alco-
holism.36	 In	 females,	 high-	activity	 alleles	 (MAOA-H)	 predispose	 to	




(n = 470) Males (n = 231) Females (n = 239)
M	(SD)	Age 18.95	(1.19) 19.14	(1.25) 18.76	(1.10)
Year	in	school
%	1st	year	student 61.1 55.8 66.1
%2nd	year	student 27.4 29.4 25.5
%	3rd	year	student 8.9 11.7 6.3





% Caucasian 71.1 72.7 69.5
%	African	American 3.6 3.0 4.2
%	Hispanic/Latino 6.2 4.8 7.5
%	Native	American 1.3 .9 1.7
%	Asian 10.6 10.4 10.9
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The	involvement	of	MAOA uVNTR	alleles	in	G	×	E	interactions	
is	 in	 agreement	with	 rich	 evidence	 on	 other	 psychopathological	
states.	 In	males,	 the	 interplay	 of	MAOA-L	 alleles	with	 child	mal-
treatment	 has	 been	 extensively	 shown	 to	 predispose	 to	 aggres-
sion,	 delinquency,	 and	 antisocial	 behavior57-64;	 conversely,	 the	
interaction	 of	MAOA-H	 and	 early	 adversity	 has	 been	 shown	 to	
heighten	 the	 proclivity	 for	 antisocial	 and	 violent	 responses	 in	
females,65-67	 likely	due	 to	an	enhancement	 in	emotional	 reactiv-
ity	 during	 adolescence.68	 The	 interaction	 of	MAOA-	L alleles and 






specific	 role	 of	 the	 G	×	E	 interaction	 of	MAOA uVNTR alleles and 
early-	life	 maltreatment	 in	 use	 of	 tobacco	 and	 cannabis.	 Here,	 we	
surveyed	500	college	students	in	a	large	Midwestern	University	to	
investigate	whether	tobacco	and	cannabis	lifetime	consumption	may	
be	predicted	by	 the	 interaction	of	MAOA	genotype,	 sex,	and	child	
maltreatment.	Our	 rationale	 for	 focusing	on	 lifetime	 cannabis	 and	
tobacco	 use	was	 based	 on	 prior	 findings	 showing	 that:	 (i)	 uVNTR	
alleles	may	be	particularly	relevant	in	influencing	the	onset	of	sub-
stance	use	 in	early	 life34,35;	 and	 (ii)	 cannabis	 lifetime	use	 is	 largely	
influenced	 by	 genetic	 factors,33	 and	 these	 factors	 largely	 overlap	










information	 (including	 age,	 sex	 and	 race/ethnicity)	 and	descriptive	
statistics	of	 this	 final	sample	are	reported	 in	Table	1.	The	majority	
of	students	 (61.1%)	were	 in	their	first	year	of	college,	 identified	as	
Caucasian	(71.1%),	and	had	parents	with	greater	than	a	high	school	
education	(80.9%	of	fathers	and	79.7%	of	mothers).	MAOA	genotype	
information	broken	down	by	 sex	 and	 race/ethnicity	 is	 reported	 in	
Table	2.	 The	MAOA-H	 genotype	was	more	 common	 than	MAOA-L 
for	males.	The	majority	of	females	exhibited	a	heterozygous	geno-
type	 (MAOA-LH	=	121);	44	and	74	were	homozygous	MAOA-L and 
MAOA-H	carriers,	respectively.	According	to	power	tables,	our	sam-
ples	of	>200	males	and	 females	had	adequate	power	 (α	=	0.80)	 to	
detect	 moderate	 to	 larger	MAOA ×	maltreatment	 effects	 for	 each	
sex.80
2.2 | Procedures
This	 study	 was	 approved	 by	 the	 researchers’	 institutional	 review	
board.	Participants	were	asked	to	refrain	from	eating	1	hour	before,	
as	well	 as	 smoking,	 taking	 drugs	 (including	 prescription),	 caffeine,	

































Females 44 121 74
Caucasian 25 84 57
African	American 3 4 3
Hispanic/Latino 3 12 3
Native	American 0 1 3
Asian 12 10 4
Mixed	or	other 1 10 4
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2.3.2 | Child maltreatment
Child	 maltreatment	 was	 assessed	 via	 the	 Childhood	 Trauma	
Questionnaire	 (CTQ;81),	 a	 self-	reported	 instrument	 that	 retrospec-
tively	measures	exposure	to	abuse	and	neglect	during	childhood	and	
adolescence.	The	measure	includes	5	subscales	(physical	abuse,	emo-










Participants	 completed	 2	 dichotomous	 (0	=	“no”,	 1	=	“yes”)	 items	




2.4 | MAOA uVNTR variants genotyping
DNA	 was	 extracted	 from	 salivary	 samples,	 using	 Saliva	 DNA	
Collection,	 Preservation,	 and	 isolation	 Kit	 (Norgen	 Biotek	 Corp,	
ON,	 Canada).	 MAOA-uVNTR	 allelic	 variants	 were	 genotyped	 by	
PCR-	based	 amplification,	 with	 the	 following	 primers:	 forward,	
5′-	ACAGCCTGACCGTGGAGAAG-	3′	 labeled	 with	 the	 FAM	 fluo-
rophore;	 and	 reverse,	 5′-	GAACGGACGCTCCATTCGGA-	3′	 PCR	
reactions	contained	100	ng	of	template	DNA,	1X	PCR	Master	Mix	
(Thermo	 Scientific,	 Waltham,	 MA)	 500	nmol/L	 of	 each	 primerin	
a	 total	 volume	 of	 20	μL.	 After	 2	minutes	 at	 95°C,	 35	 cycles	were	
carried	out	at	94°C	for	30	seconds,	at	60°C	for	30	seconds,	and	at	
72°C	for	40	seconds,	with	a	final	extension	at	72°C	for	5	minutes.	











comparability	between	males	 and	 females,	 however,	we	combined	
MAOA-L	 homozygous	 and	MAOA-LH	 female	 participants,	 in	 agree-
ment	with	previous	 functional	 studies	on	 sex-	dimorphic	effects	of	
MAOA uVNTR	variants.83-87	To	confirm	the	validity	of	this	approach	
with	 respect	 to	 our	 study,	 analyses	 were	 conducted	 with	 female	











could	 not	 be	 undertaken	 for	 11	 participants,	 and	 an	 additional	 11	
participants	were	missing	CTQ	and/or	 substance	use	data;	 finally,	8	
participants	carrying	5-	repeat	uVNTR	alleles	were	excluded	from	the	
analyses.	Chi-	square	and	mean	difference	 tests	 indicated	 that	 there	
were	no	differences	 regarding	sex	or	age	 for	 those	whose	data	was	
included	 in	 analyses	 versus	 those	 who	 were	 excluded	 (ps	>	0.48).	










to	aid	 in	 interpretation	of	 interaction	effects.	 Statistically	 significant	


















Approximately	 41.9%	 reported	 tobacco	 use,	 and	 55.8%	 indicated	
cannabis	use.	According	 to	clinical	 cutoff	 scores	 recommended	by	









treatment	×	MAOA	variants	×	sex	was	found	(B = 1.89,	P = 0.059;	See	
Table	3).	For	MAOA-L	males,	maltreatment	exposure	was	associated	
with	lifetime	tobacco	use	(B = 1.143,	P = 0.049),	such	that	for	every	
unit	 increase	in	trauma	exposure	the	log	of	the	odds	of	ever	using	
tobacco	increased	by	3.14.	However,	for	MAOA-H	males,	trauma	ex-
posure	was	unrelated	 to	 tobacco	use	 (B = 0.088,	P = 0.84).	 In	con-
trast,	 for	 females,	 trauma	 exposure	was	 unrelated	 to	 tobacco	 use	
at	MAOA-L	 variants	 (B = 0.382,	P = 0.25),	 but	 positively	 associated	
with	MAOA-H alleles (B = 1.214,	P = 0.041).	For	MAOA-H	females,	for	
every	unit	increase	in	trauma	exposure,	the	log	of	the	odds	of	ever	
using	tobacco	increased	by	3.37.
When	 examining	 specific	 maltreatment	 types,	 only	 one	 sig-
nificant	 3-	way	 interaction	 emerged:	 physical	 abuse	×	MAOA vari-
ants	×	sex.	Physical	abuse	was	unrelated	to	lifetime	tobacco	use	for	
MAOA-H males (B = −0.30,	P = 0.34).	However,	 for	MAOA-L	males,	
there	was	 a	 trend	 for	 physical	 abuse	 to	 increase	 the	 likelihood	of	
tobacco	use	 (B = 1.54,	P = 0.055),	such	that	for	every	unit	 increase	
in	physical	abuse	the	log	of	the	odds	of	using	tobacco	increased	by	
4.70	times.	In	contrast,	physical	abuse	was	unrelated	to	tobacco	use	
for	MAOA-L	 females	 (B = −0.43,	P = 0.31),	but	positively	associated	








was	 found	 (B = 3.04,	 P = 0.00;	 See	 Table	4).	 The	 probing	 of	
simple	 slopes	 indicated	 that	 an	 interactive	 effect	 between	mal-
treatment	 and	 MAOA	 variants	 was	 unique	 to	 females;	 that	 is,	
trauma	exposure	was	unrelated	to	lifetime	cannabis	use	for	both	
MAOA-L (B = 0.65,	 P = 0.23)	 and	 MAOA-H (B = −0.67,	 P = 0.15)	
males.	 Trauma	 exposure	was	 also	 unrelated	 to	 cannabis	 use	 for	
MAOA-L	 females	 (B = −0.31,	 P = 0.34);	 however,	 in	MAOA-H	 fe-
males,	trauma	exposure	was	associated	with	lifetime	cannabis	use	






neglect	 and	 physical	 neglect	 indicated	 that	 these	 maltreatment	
types	were	not	associated	with	lifetime	cannabis	use	for	males	or	
females	at	either	MAOA-H and MAOA-L	(Males	MAOA-H	Bs	=	−0.27	
&	 −0.41,	 ps	>	0.29;	 males	 MAOA-L	 Bs	=	0.45	 &	 0.15,	 ps	>	0.16;	
females	 MAOA-H;	 Bs	=	0.35	 &	 0.96,	 ps	>	0.27;	 females	 MAOA-L 
Bs	=	−0.31	 &	 −0.56,	 ps	>	0.23).	 This	 pattern	 of	 results	 indicates	








MAOA-L (B = 0.86,	P = 0.045)	but	unrelated	at	MAOA-H (B	=	−0.02,	
P = 0.95).	 Physical	 abuse	 was	 negatively	 associated	 with	 lifetime	
marijuana	use	for	MAOA-H males (B = −0.76,	P = 0.03)	and	unrelated	
for	MAOA-L males (B = 0.23,	P = 0.60).	For	MAOA-L	 females,	phys-
ical	 and	 emotional	 abuse	were	 also	 unrelated	 to	 lifetime	 cannabis	
use (B = −0.75	&	 −0.02,	 ps	>	0.06).	 However,	 in	MAOA-H	 females,	
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4  | DISCUSSION
The	results	of	this	study	show	that,	in	a	sample	of	470	students	en-
rolled	 in	 a	 large	Midwestern	University,	 lifetime	 tobacco	 and	 can-
nabis	use	were	predicted	by	the	interaction	between	uVNTR allelic 
variants	of	MAOA	gene	and	specific	components	of	child	maltreat-
ment	 in	 a	 sex-	dimorphic	 fashion.	 Specifically,	 a	 positive	history	of	
physical	 abuse	 increased	 risk	 of	 lifetime	 tobacco	 consumption	 in	
MAOA-L male and MAOA-H	 female	carriers;	 furthermore,	MAOA-H 
variants	exacerbate	the	link	between	physical	and	emotional	abuse	
and	risk	of	cannabis	use	in	females.
These	 findings	 extend	 and	 complement	 previous	 evidence	 on	




















variants.	On	 the	 other	 hand,	 it	 is	 possible	 that	 this	 sex-	specific	
vulnerability	 may	 be	 confounded	 by	 different	 rates	 of	 physical	
abuse	and	substance	use	among	males	and	females.	With	respect	
to	these	issues,	it	should	be	noted	that	physical	abuse	appears	to	














region	 is	 a	major	 component	 of	 the	brain	 circuitry	 subserving	 the	
control	of	executive	functions,	impulse	control,	and	reward-	related	
behaviors.108-111	The	effects	of	MAOA	 on	ACC	activation	patterns	









facilitate	 use	 of	 cannabis	 and	 tobacco	 in	 adolescence.	 Thus,	 our	
studies	may	suggest	that	sex-	dimorphic	interactions	of	MAOA alleles 
and	early	maltreatment	may	facilitate	inhibitory	dyscontrol	 in	ado-




One	of	 the	most	 commonly	used	 frameworks	 to	 explain	G	×	E	




MAOA-L	males	 to	 a	 greater	 effect	 of	 stress	may	 lead	 to	 a	 greater	
disinhibition	phenotype,	which	may	augment	 the	 likelihood	 to	use	
substances	in	early	developmental	stages.	From	this	perspective,	it	
is	worth	mentioning	 that	MAOA-L	male	 carriers	 have	 been	 shown	
to	exhibit	a	greater	neuroendocrine	response	to	stress.118	An	alter-
native	model	 is	 afforded	 by	 the	 differential	 susceptibility	 hypoth-
esis,119,120	 which	 postulates	 that	 genetic	 proneness	 accounts	 for	














the	 role	of	MAOA	 in	 increasing	 the	 risk	 for	cigarette	smoking	may	









of	 this	 gene.126,127	 This	 effect	 may	 be	 particularly	 relevant	 with	
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respect	 to	 the	escalation	of	 tobacco	use,	given	 that	 smokers	have	
lower	methylation	 at	 two	 CpG	 islands	 associated	with	 the	MAOA 
promoter,	in	a	fashion	dependent	from	the	uVNTR	genotypes.44,126 
Similar	effects	were	shown	 in	 relation	to	alcohol-	related	problems	
in	 young	adult	males,	 in	 relation	 to	both	 the	 interaction	of	MAOA 
uVNTR	alleles	and	maltreatment.128
Androgens	 have	 been	 shown	 to	 modify	 the	 transcription	 of	





Several	 limitations	 of	 this	 study	 should	 be	 acknowledged.	
First,	 the	 study	was	 conducted	 on	 500	 college	 students	 of	 pre-
dominantly	Caucasian	ethnic	background.	In	consideration	of	the	
conceptual	and	methodological	limitations	of	current	research	on	
G	×	E	 interactions	 in	 psychiatry,131,132	 these	 findings	 should	 be	
confirmed	by	further	studies	with	 larger,	more	ethnically	diverse	
cohorts,	which	may	increase	their	robustness	and	ascertain	their	




in	 substance	use	 in	 emerging	 adults,	 including	parental	 rule	 set-
ting,	 educational	 attainment,	 neighborhood	 characteristics,	 and	
peer	 influence.133-135	Third,	 our	 survey	on	 tobacco	and	 cannabis	
use	was	only	 limited	to	ascertain	whether	participants	ever	con-
sumed	 any	 of	 these	 substances,	 but	 did	 not	measure	 frequency	
and	problematic	patterns	of	use;	future	studies	will	be	necessary	
to	 verify	 whether	 and	 how	 these	 aspects	 can	 be	 influenced	 by	
MAOA	genotype.	Fourth,	current	findings	are	based	on	retrospec-
tive	 self-	reports	 of	 child	maltreatment;	 additionally,	 there	was	 a	
low	internal	consistency	associated	with	our	measure	of	emotional	
neglect,	which	may	have	 limited	our	ability	 to	detect	effects	 for	
this	 maltreatment	 type.	 Although	 several	 findings	 were	 evident	
in	the	current	population	and	our	measure	of	child	maltreatment	
has	been	found	to	be	psychometrically	sound	and	widely	used,82,86 
additional	 research	 in	 samples	 with	 more	 internally	 consistent	
measurement	 and	 have	 experienced	 elevated	 levels	 of	maltreat-
ment	 is	 warranted.	 Fifth,	 our	 analyses	 combined	 MAOA-L and 








egy	 to	 enable	 direct	 comparisons	 between	 sexes,	 in	 conformity	
with	previous	studies.84-88
These	 limitations	 notwithstanding,	 our	 data	 point	 to	 sex-	
dimorphic	 G	×	E	 interactions	 in	 shaping	 the	 vulnerability	 for	 to-
bacco	 and	 cannabis	 use	 in	 college	 students.	 To	 the	 best	 of	 our	
knowledge,	although	G	×	E	interactions	are	posited	to	play	a	cen-
tral	 role	 in	 the	 pathogenesis	 of	 cannabis	 and	 tobacco	 use,	 very	
few	studies	have	examined	these	mechanisms	with	most	analyses	
	focusing	 on	 serotonergic	 and	 dopaminergic	 genes.138	 From	 this	
perspective,	 our	 recent	 analyses	 underscore	 the	 importance	 of	
gender	as	a	factor	in	these	analyses.	In	addition	to	MAOA,	only	very	






gene	 pathways,	 such	 as	 those	 related	 to	monoaminergic	 regula-
tion.	Our	findings	may	have	critical	implications	for	the	prevention	
of	substance	use,	as	 they	underscore	 the	 relevance	of	childhood	
trauma	as	an	environmental	determinant	that	may	increase	the	vul-
nerability	to	tobacco	use	in	MAOA-L males and MAOA-H	females.	
Future	 studies	 confirming	 the	 involvement	of	MAOA	as	 a	differ-
ential	susceptibility	factor	may	be	particularly	critical	to	highlight	
the	importance	of	good	rearing	environment	for	MAOA-L boys and 
MAOA-H	girls.
ORCID
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